SUMMARY Patients with right or left hemisphere strokes were studied for the nature of emotion conveyed in speech, during the reading of three short passages chosen for the differing emotional tone of their content. Both groups of patients had prosodic qualities which led their speech to be rated as like that of depressed patients and different from that of non-depressed controls. None of the stroke patients had significant depression or anxiety at the time of testing, so this prosodic quality is presumed to relate directly to brain damage.
Damage to the right cerebral hemisphere is associated with disturbed control of speech prosody, detectable by acoustic analysis as a reduced pitch variation and intonational range.1 Difficulties in communicating emotion in speech are also detectable on clinical examination of patients with right hemisphere damage.2 3 These and other observations have pointed to a major role for the right hemisphere in the identification and expression of emotion through the non-propositional aspects of speech. 4 Mood disorder in patients without brain damage is also associated with speech disorders such as changes in pitch and tempo.5 6 A recent study using the laryngograph demonstrated the narrowed pitch range used by retarded depressives and suggested it was a specific characteristic not shared by other emotionally disordered patients such as non-retarded depressives or schizophrenics. 7 Several studies of pathological disturbances of prosody have been undertaken on patients whose brain damage is due to stroke, a condition now well recognised as being associated with mood disorder and in particular with depression.8 This raises the possibility that some or all of the prosodic disturbance in right hemisphere lesions is attributable to attendant mood disorder.
Another problem is apparent from a consideration of the studies quoted above; prosodic difficulties detectable on acoustic analysis or formal clinical testing may not result in differences in emotional expression which are apparent in more informal social settings. Ross' original cases both complained of such difficulties,2 but Leff noted that the laryngographic abnormalities found in retarded depressives were not associated with changes discernible in the voice as heard.7
The aim of the preliminary study reported here was to test the hypothesis that stroke patients without mood disorder have difficulties in the expression of emotion in speech, and that these difficulties produce changes in speech quality which are detectable to the ear of listeners untrained in speech therapy or related disciplines. Two control groups were used, one with non-neurological physical diseases and no mood disorders, and one with clinically important depressive disorders, to test the hypothesis that the speech of non-depressed stroke patients is none the less rated by listeners as depressed because of its lack of normal emotional intonation.
Patients and methods
All subjects were patients of the University Hospital, Nottingham. The stroke patients were asked to participate if they had a right or left hemiparesis which could be unequivocably attributed to a hemisphere lesion on the basis of characteristic clinical signs and/or brain scan results. All were right-handed and none were aphasic or demented.
Twenty eight consecutively admitted patients with a history Affective prosody in the reading voice of stroke patients of stroke were interviewed to yield 20 patients who met the criteria above and who formed two groups: ten left hemisphere and ten right hemisphere strokes without major mood disturbance. Depressed controls were receiving inpatient or day patient care in the psychiatric facility, and physically ill controls were interviewed in the general medical or geriatric facilities. Control patients were selected for interview at random from the daily ward lists of current admissions, and were included if they had no past or current evidence of neurological disease and did not have major mood disturbance.
To exclude those with mood disturbance, all subjects were asked to complete the Hospital Anxiety and Depression Scale (HAD).9 This self report questionnaire is designed for use with physically ill patients and does not incorporate items concerned with somatic symptoms in its 14 questions; it yields subscores for depression and anxiety. All stroke patients and all physically ill controls included, scored below the cut off score on the depression subscale which corresponds to clinically diagnosable mood disorder (cut off score 1 1) and below the cut off on the anxiety subscale which corresponds to borderline disorders (cut off score 8).
Subjects were asked to read three short passages (see appendix) to themselves and then into a tape recorder, imparting as much emotion in the reading as possible. The passages were chosen for the emotional tone of their content as "sad", "neutral" or "excited" and these features were pointed out to the subjects before they started reading. The tape recordings were then edited into a single version in which all the "sad" passages were presented first, followed by the "neutral" and then the "excited". The sequence of presentation of the patients was varied from one section to the next to eliminate order effects.
The recordings were rated by 12 medical students who were aware of the purpose of the study, but could not identify the medical status of the reader in each passage. After each reading the raters were asked to record their judgement of the emotion conveyed in the reader's voice on a seven point scale with only the end-points marked 1 "sad" and 7 "excited". They were also asked to rate after each passage whether the reader was depressed or not. In order to test reliability, the raters were asked to re-rate 12 of the passages after listening to them a second time.
Results
(1) The mean age/sex ratio and HAD scores for the four study groups are shown in the table. Using the 911 Mann-Whitney test there were significant differences between the depressed patients and the physically ill controls (U = 8 5 p < 0 001 1 tailed), the right hemisphere strokes (U = 26-5 p < 0-05 1 tailed) and the left hemisphere strokes (U = 13 5 p < 0 01 I tailed) on their scores on the depression subscale. The trend for the depressives to be younger as a group did not reach statistical significance at the 0 05 level. (2) The results of the ratings made on the 7 point scale of emotion conveyed in the reading voice for all three passages are shown in the figure. As shown in the figure, stroke patients were ranked as sounding more depressed than physically ill controls on all three passages. When mean scores on each passage were compared using an unpaired t test (2 tailed), this difference in ratings was significant at the level of p < 0-05 for either stroke group compared to the physically ill controls on each of the three passages. Neither stroke group differed significantly from the depressed group on any of the passages. 912 the physically ill controls, but a three way ANOVA failed to show a significant interaction. (4) The reproducibility of the judgement on conveyed emotion was analysed using a Wilcoxon matchedpairs signed rank test, and no significant difference was found between first and repeated judgements.
Discussion
The main finding of this study is that non-depressed patients with right or left hemisphere strokes have a quality of reading voice which is perceived by a listener as similar to that found in depressed patients.
Given that the content of the speech was standardised for all subjects, it is reasonable to regard this quality as prosodic. This argument is supported by the study design, which precluded judgements being biased by raters having prior knowledge of the subjects' medical status, and prevented them being influenced by facial or gestural emotional display. It might be that increasing age is associated with such a change in prosody, although there is no evidence for it in the literature. There was a nonsignificant trend for the depressives to be younger than either stroke group, but the physically ill controls (whose voices were judged least sad on all passages) were as old as the strokes, excluding age as the sole determining variable.
The failure to discriminate between right and left hemisphere strokes in this respect is a novel finding but does not mean that the two groups necessarily have the same prosodic disturbances. For example, it might be that right hemisphere lesions impair prosody of a sort which is independent of speech content ("affective prosody") while left hemisphere lesions impair prosody which is dependent on speech content-"intellectual prosody".'0 Certainly, left hemisphere damage has long been recognised as leading at times to prosodic deficits such as accent transitions. l This study serves to emphasise the complexity of the relationship between lateralised brain damage, mood disorder and the expression of emotion in speech'2 and the need for further research on the specific prosodic or acoustic qualities which characterise speech judged as depressed.
voice of stroke patients. 
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